as may occur in too deep anmsthesia, respiration is stimulated by the carbon dioxide acting directly on the medulla, and by oxygen lack and carbon dioxide acting on the carotid and aortic bodies. The latter are also stimulated by lack of oxygen, which, however, is otherwise a general, and very serious, nervous depressant. This we see dramatically in the unconsciousness which is produced by breathing any gas, other than oxygen, for a few minutes.
The effect on the circulation is mixed, that is to say, there is a central stimulation of the sympathetic and of the vasomotor centre in particular, but, as metabolites accumulate peripherally, the capillaries dilate, and, in a few minutes, lack of oxygen causes the heart to fail. There is, therefore, at first a rise of arterial pressure, due to increased cardiac output and peripheral resistance, followed by a fall. The venous pressure rises at first, owing to the generalized vasoconstriction, and continues to rise still further as the heart fails. A characteristic of the final failure is slowing of the heart due to increased action of the vagi. Hmmorrhage, and anything which depresses the circulation materially, produce essentially similar effects on the tissues as a whole. Now, in asphyxia, the really important thing is the lack of oxygen; this cannot be over-emphasized. The extent to which the body can adapt itself to high alveolar carbon dioxide, especially if it is brought about slowly, is quite remarkable. The harmful effect of lack of oxygen, on the other hand, is cumulative. As J. S. Haldane often remarked, "oxygen lack not only stops but wrecks the machine". After severe anoxia recovery is slow, and may never become complete. This has been shown to be specially true of the cerebral cortex, rendered anoxic by occlusion of the cerebral arteries, but all tissues are affected to a lesser extent, depending on the duration of the anoxia.
Within recent months, my colleagues, M. Z. Awad, A. F. Zayat, and I, have shed some light on how anoxia produces its deleterious effects. It has been found that the anoxia completely upsets the electrolytic balance between the inside and outside of cells-upon which their excitability appears to depend.
Perhaps I should explain this to those who are not familiar with such matters: It has been found that the sodium chloride in cells generally is not, as used to be thought, in equilibrium with that of the tissue fluid in which they are bathed. Cells contain very much less sodium chloride than tissue fluid or blood plasma. Individual cells differ, but the proportion may be as little as one to ten, and it is now believed that there exists a mechanism-conveniently known as the sodium pump-which prevents the entrance of sodium into the cells. If, for example, we place isolated diaphragm of the rat in Krebs' solution (a modification of Ringer's solution), and deprive it of oxygen, a neuromuscular block like that caused by curare occurs, and later the muscle itself fails. Provided the anoxia has not been allowed to persist too long, complete recovery of the block or of the muscle can be brought NOV.-ANBSTH. 1 about by reducing the sodium chloride in the external solution by about a quarter (O'69 % to 0-48 %).
Changes in the other ions in the solution or in the osmotic pressure are without effect. The explanation of this somewhat dramatic finding appears to be that the concentrations in and out of the cell tend to equalize when the cell membrane is made more permeable by the anoxia. The sodium chloride enters the cells. It is important to emphasize that when the anoxia has been quite short (three minutes) the effect and the delayed depression are not prevented by the readmission of oxygen. If, however, the concentration of the sodium chloride outside the cell is reduced. the gradient against which the "sodium pump" has to work is made easier, and the normal ionic relations and excitability return. The membrane does not recover, for the tissue is now depressed by even normal sodium chloride. This effect of anoxia appears to be a general phenomenon, probably affecting all tissues. The unexpected and new feature of one investigation has been the demonstration of the slow, insidious and delayed effect of the anoxia-even in the presence of oxygen. We have demonstrated it on nerve and on striped and cardiac muscle, all of which are most profoundly depressed. We have been able to show that the effect of reduced external solution is more beneficial in restoring the responses of cardiac muscle, previously anoxic, than the best cardiac tonic. It is possible, therefore, that some of the great benefit which accrues from reduction of the sodium intake, in some cases of cardiac disease, may be due to such a direct action on the cardiac muscle.
It must be emphasized that the results which have been described here have, so far, been obtained only on isolated tissues. We have still a long way to go, but they point the way and show how the problem may be studied. At present, we are trying to discover means of applying these new basic facts to the intact body and we hope to devise means by which the deterioration, and often fatal delayed effects of oxygen lack, may be prevented. WHEN a local analgesic solution is injected into the caudal canal it forces its way upwards to a varying distance between the theca and the bony spinal canal into an annular space known as the epidural, peridural or extradural space. As the fluid rises in this space it overflows through the vertebral foramina to produce a multiple paravertebral block, the height of analgesia being proportional to the volume of fluid injected. Evidence that there is continuity between the extradural space and the paravertebral spaces is now overwhelming and has been demonstrated in various ways:
(a) By injecting 2% procaine in Lipiodol into the extradural space at various levels and taking serial X-ray photographs (Odom, 1940) . Fluid was seen to flow into the paravertebral spaces via the vertebral foramina. (b) By injecting methylene-blue solution into the caudal canal of a cadaver and subsequent dissection (Hingson and Edwards, 1942; Macintosh and Mushin, 1947) . The caudal canal, the extradural space to the level of the foramen magnum, the vertebral foramina and all the paravertebral spaces were stained with the dye. This method also demonstrated that while the paravertebral spaces were not in direct communication one with another, they did intercommunicate via the extradural space.
(c) Fluids injected into the thoracic and lumbar regions of the extradural spaces will issue through needles correctly placed in adjacent paravertebral spaces (Macintosh and Mushin, 1947) .
(d) Odom (1937) demonstrated that a negative pressure exists in the cervical, thoracic and lumbar regions of the extradural space, decreasing towards the lumbar region and disappearing in the caudal canal. Recently Haxton (1949) discovered that a negative pressure could often be shown to exist in the paravertebral spaces although he failed to grasp the fact that this was probably communicated from the extradural space.
A multiple paravertebral block instituted by means of caudal analgesia will anesthetize the following structures: the anterior and posterior spinal nerve roots and the posterior root ganglion ensheathed in a tube of tissue which is a prolongation of thecal fibres; the common spinal nerves in the spinal foramina; the sympathetic ganglia of the paravertebral chain, the white and grey rami, visceral sensory nerves and the common spinal nerves in the paravertebral spaces. The viscerosensory afferents accompany sympathetic filaments but pass through the sympathetic ganglia without synapsis and travel onwards to their cells of origin in the posterior root ganglion. Somatic sensory nerves (afferents) arrive in the paravertebral space in the common spinal nerve together with motor nerves and other afferents subserving the sensations of touch, pressure, cold, heat and position sense (kinesthetic or proprioceptor afferents).
